It was concluded from the NMR studies that CP is highly incorporated into the DPPC bilayer, the 1H and 13C signals of phenol in a complex between phenol and camphor being markedly broadened but shielded in the presence of DPPC liposomes.
Received April 27, 1998 /Accepted September 11, 1998 To clarify the interaction mechanism of biological activities induced by camphorated phenol (CP), the interactions between CP and phospholipid liposomes [dipalmitoyl phosphatidylcholine (DPPC) liposomes, dimyristoyl phosphatidylcholine (DMPC) liposomes and DMPC/ dilauloyl phosphatidylethanolamine (DLEA) liposomes] were studies by DSC and NMR spectroscopy.
CP exhibited a larger DSC phase transition properties [shift of phase transition temperature to a lower temperature and decrease in Height/Half-Height Width (H/HHW) of DSC peak)] than phenol in the various liposome systems.
It was concluded from the NMR studies that CP is highly incorporated into the DPPC bilayer, the 1H and 13C signals of phenol in a complex between phenol and camphor being markedly broadened but shielded in the presence of DPPC liposomes.
It was clear that CP is incorporated as a complex into the lipid bilayers.
INTRODUCTION
Camphorous compounds have antiseptics, analgesic, anti-pruritics, and counterirritant properties. Camphorated phenol (CP) has been used in conservative dentistry as a sedative and/or disinfectant.
Since a complex between camphor and phenol is stable, phenol has been reported to release slowly from the camphorated phenol complex. The caustic potency of phenol released from CP is thus reduced1). Recently, Soekanto et al. have investigated the toxicity of this compound in dental pulp cell culture2). We recently reported that phenol derivatives such as eugenol and thymol are strongly incorporated into the lipid bilayers of phospholipid liposomes3,4). To clarify whether CP is able to act as a complex in lipid bilayers as a solution, we investigated the interaction between CP and various phospholipid liposomes such as dipalmitoyl phosphatidylcholine (DPPC) liposomes, dimyristoyl phosphatidylcholine (DMPC) liposomes and DMPC/dilauloyl phosphatidylethanolamine (DLEA) liposomes as models of biological membranes, using differential scanning calorimetry (DSC) and 'H -and 13C NMR spectroscopy. DSC curves of DPPC liposomes showed a slightly broadened main transition and abolishsment of pretransition (Fig. 2 Ck) . DSC peaks of 100mmol/L phenol were almost comparable with the control (Fig. 2 Cj) . It was concluded from this that the phase transition properties of phenol were lower than the camphorated counterpart, as evaluated from the molar concentration of added phenol.
NMR studies 'H and 13C -NMR spectra of camphorated phenol (CP) and CP/DPPC liposomes in D 2O
are shown in Fig. 3 . The proton signals of camphor and phenol were markedly broadened in the liposomes but large signals of water soluble ethanol, which was used to disperse CP in the liposome system, appeared in the spectra due to their being unable to impregnate the liposomes (see Fig. 3C-F) . The 1H signals of phenol were markedly broadened in the liposomes, indicating that phenol interacted strongly with the DPPC bilayers. Also, signals of choline methyl and acyl chains of DPPC were observed in the CP/DPPC liposomes, indicating the mobility of acyl chains of DPPC. This was quite different from results of phenol/DPPC liposomes, in that sinals of phenol were clearly detected and no signals were shielded (see Fig. 3B and 3F). The 13C-NMR spectra of CP/DPPC liposomes were similar to those of 1H. However, the 13C NMR signals of CP/DPPC liposomes were observed by 40,000 accumulation (Fig. 3F) , indicating that signals o camphor, phenol, and cholinemethyl and acyl chains of DPPC were observed and that, in particular, those of phenol were broadened. It was concluded that phenol exhibits a lower interaction with DPPC bilayers than its camphorated counterpart.
This indicates that phenol may incorporate more probably into biological membranes than original phenol by forming a CP complex. We used a 1:1 complex of camphorated phenol in this experiment1). In a camphor-phenol system, the complex between phenol and camphor can not be explained adequately only in terms of a 1:1 complex but formation of complex species containing two molecules of phenol is shown to be stable8). Therefore, camphorated 
